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NACA ACR No. ILT21 CONFIDENTIAL

NATIONAL ADVISORY CCMMITTEE FOR AERONAUTIGCS

ADVANCHE CONTINENTIAL RIPORT

EFFECT OF A YRAILTING-ZDGE IXTENSION ON THE
CHARACTERISTICS OF A PROPZLLER SECTIOX

By Theodore Theodorsen and Gaorge W. Stilckle
SUMMARY

A convenlent technical method 1s presented to
ovaluate chaner In thi airfoll characterlatics resulting
from on axteuninn of thn chord abt the tiralling edze of a
propelilor blade sectica. Ta2 nethod dntormines the
changs in the angle of zero 1irft, the ideal angla of
attack, urd the differsace in these angles (upon which
the desltgn 1ift coefflcient dcpenda) as u function of the
angle -d lexsth of the trailin. e extonsion, ‘te
trectr b 15 haszd Glvantly wrcn e thin-airfoll theory
and isg hwas concorned calyr wicl the mean cewwer line of
the ecation, rxowrsles and dab=?l:d commutations are
glver o 1ilussraie 12 npplizuiion of the :xmsthod. The

-

Yl

- methe? i8 appllieable bto all oropeller sactions snd 1s

short eaough to perwmlt use In rractical design,
INTRODWTION

A flat sheet of metul 1s scimetimes attached to the
tralling edge of a wropeller Llade In order to increaso
the propsllsr sclidity for a given blade design. The
addition of the flat sheet on the trailing edze of the
propellar blade changes the characteristics of the blade
section, Tha new characteristics are dsoperndant vpon
the ungle of the extension, tlie length of tha extenslon,
and the original alrfoll sectlon. The problem of
determining the snzle at whizh ths sheet should bve udded
and tte effect of this angle cr: the angle cf zero,1lft,the
1deal angle of attack, and the design 1irt coefficlant
is the subjcect ¢f this paner,

The 1deal angle of attazk 1s defined as the angle
at which the lront stagnatlioa polnt 1a at the lcading
sdge of the alrfoll, The design 1l1ft coeffilclent 1is
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defined a8 the 1irt coeffliciint of the alrfoll whsn set
at the 1deal angle of attack., If the design 1lift coeffl=-
clent, 9o aefined, corresponds to the operating conditlion
of tl.e propeller section, the alrfeoil scction has a
canher that glves 1t the highest critical speed (beat
pressure clstribution) nbtainuble for the cperuting
conditlion with the cumbor and thiclmess éistribution
which derlzno the airfoll.

A raletive chanre In tho cnglas of zero 11it of the
ailrfoll sectlnns glong thie propellor radlus In effect
charnges the pr'tech dlsterlortlion of the nroneller. The
angle of the Lrelling-edze extenslion thus parniits some
selection of the n»itch distrihution of the nrorecller,
This report shews how tits offect ey be avalucted.

The nesthod of thils report i3 vased ou thn conneprt
of tlie examinitlon of the msan camber line from thin-
alrfoll theory of referince 1. The method has been
checled (or accuracy with the mere complete bhut more
difflcult metheds o refarences 2 and 3 ané fomd to
be in good agreement for thin sectlons as wsad con
proneiler bludes,

Exneriraatszl data on salrfoll section 11ft coefl-
clenta as a function cf =angle ¢f atlack ure generally
usad in analyzing vrersller operation. Slnce experi-
mental data for alrfoll sectlons with extendsd flaps
ars not avallable, theoretical caleulations must be
used in analyzing »repeller operation with trailing-
edge extenslon flaps. Experimental and theorotical
values of 1ifc cczffieciunt 2s o Tunctlon of ausle of
attack rarely zre in rerfect agreenmsnt, The dlscropr=~
ancy ircreaces with alrfoll sactlion canmder and thiclneas
end makes it Aifflcult to compare reusults whan theo-
raticel and exporimental values aro used toge*her., TFor
this reason tlhie difference in the airfoll characteristics
between tho orlpinal =nil the extendud alrfoll secections
are used in the apnlication of the resulta off thls report
to nropeller unalysis,

METHOD OF ANALYSIS

Calculation of the wngls of zero 1lif:, the ideal
angle of attack, and the deslgn 11t cosfficient is
based on the exsmination ot the mean camber line cf the
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NACA ACR No. ILI21  CONFIDEITIAL 3

alrroil sectlen, The method 1a adapted from refesrence 1,
which glvas a dliscusalon of 1ts theoretical background
and valility. The present pansr applies the solutlion

to the racsticular pro%lem of axtended fla»ns on airfoil
sections und noesents the method in a form that mak:s

1t sasily epplicable to thils snecific problem. The

steps in the »rocedure are as follows:

{1) Ohtain the ordinate v at un ahuacisza x of the
cammer line o the alrfoll from a llue jo!rlns the ends
of the c¢amter lira,
(2) ¢nlealate the function F  from
P = y

P T e amyscemisre (1)

V=(l - x)

(3) Caleulate ¢ for the nose of tho airfoll:

. 1 r0.0lEISp
=g x x =5 X ox (2)
+(;,0125 ) ’

The first term of equation (2) 1s integrated graphleally.

The second tera, which may be doncted as Aey or
0.0125
1 P
Acn—‘;“,f :,_dx
0
_ 1fo.0125 v 5 5)
== = x
TJo 2V x(1 - x)

may be evaluatad, however, if the term 1 ~ x 1z taken
equal to unity. This =substitution causes an srror of

only 0.6 of 1 percent in the dey torm or approximately
0.2 of 1 nercent in ¢y. Then,

N [\0.0125
Aty = = e Ax )
v "IJO x5/2
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An approximate aquatlon for ths rart of the camber

line firom x = 0 to x = 0.9125 moy be written in the form

of

¥ = ex - bxa
where ¢ is the slone of the carber line at x = O,
end b s a constant that will make the ordinate at
x = 0.M25 equal to the v ordinste of the caarher
line., (Sse fiz. 1.)

it may be shown that the integral of eguation (L)
18 squal to

o] 2 p
deg = ;‘L':::;]t ["Vl + '5- (cxl - 3'1)}

whers X3 ~nd ™ av th2 velues of x and y at the
cormon linlt of the graphleal and analytisal iIntegratlions.
The valre off x at wir'ch the prapklcal Integration {3
ateppet and the araliytiecnl Lepgun ncy e gnywlers In the
repgion ¢f = = 02,0129, hen cxcenslien flana ara wddoad,
the mecnt conveniant valve Is less than x = G.0125,

(I} fxleviate € for the %uil 67 thy sectlon tn

the saue nanrer an €y 18 esleulitsed Ly cevlacing
x by 1 - x:

(5) The anzle of zero 1ift in desress is glven by

a_ = -57.5¢y (7)

{6) The 1dsal sngle »f attack in degrees is given
b7

ap = -28.6 (ep + €5) (3)

(7) The difference between 61, &snd cr 1s the

angle upcn which the design 1ift coefficient devands.
If tha slope of the 1ift curve a 13 known for the
section, the design 11ft coofficient may be calculatsd by

—

cLI = a(aI - alo) (9)
CONFIDEITIAL
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As was cxplained In the Introduction, these conm-
pnutotions ave most accurcie for vaiues to o2 used in
comparison oy the orizinal and the estondsd airloil
ssetions. Ir used in this manner, ths coanutatione
sive aun secuveaete picture of the change in the onersating
coru*u; ns ol the prop*i’cr tections wiien any anjle or
length of cxitension is uced,

The metncd Tor two representntive cxamulﬂ* i given

in the nppeadiz nd computations lor four examplos ave

given in tablea I to IV. The exwuples ere ;or i
M4ACA 16--series airfoil secetion and a Clark Y sirroil s20«

bien, The M.GA Li-sariec saction has a design 1ir't cool-

iciasnt of 0,5 and, =ince ounly tite maan camber line is
erploved in the zeleulations, is designsted 16-57, which
aprlies to an aisfeil of =ors or any oiher thickuess. (

DOIULTS AND DISCULSION

e

Computations havs Loen made fnr an TACL 16500 air- ‘

foil sectinag witn or extension ol 20 perceni of tha chnrd. y
The rceuvlts sre given in fijuve 2 £s a function ol thu

angle a7 axtensiou mu_ur1gd from a straisht iine jolalag ‘
the 2nds of il'e meocn cawiber line of tae cwi;lnal airifoal.

Tha zn . Je¢ o zevo Life, tha I1deai anzle ol attaclz, and 1
tlie dirilereace botvuesn iLhe two anles of thag originel

arclfo .l ars chewn in Jlpure 2.4 The angle of extenzion

would have to be 92.79%to maliz tho an'le of zere 1th

ecqual tc that ol the ariginzl a1*001T .29 teo kas

the idsal angle o attuck unchanged, anu E te mqhe

e difserence batveen the two angles the saue, which
would wein coual desizn 118t coeilliclceuntz lor the

It is inhcrsnt in the siothod that these calculated
angles are ncasurced fron a straight line joiningz the
extromities of the mean czaboer line of the extendod aire-
roil sestion. IL it is dzzired to vefer these ansgles to
the camber line of the criginel airveil ssgciion, the
folleowing forrmula zives the anular difference @

between ths two r-lerence lines;:

S

Lxtension length

1 a Cihord
b |

sin (dAngle of extension)

, W

tan”
Ixtension langth

Chord

4 4 (Angle of extension)
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originecl and extended anirfoils., If the angle of
axtension is mede 13.20 so that the idesl engle of

.. pttecls remrins unchenged, brerkewey of the flow ot low

1ift coefficients might be encountered,

Figure 3 gives the results for e 20=-mercent extension
on e Clerk Y rplrfoil of 1.83-percent cember, which corre-
spondas to » stenderd Clerk Y scction of 6-percent
thickness. The angle of the extensiun thet gilves
characteristica equivslent to the oripginal rirfoll is
seen to b2 gre~tly reduced over ithet of fifure 2 bsceuse
of the sm~l)l psmount of comber for the oripinel esirfoil,

The results sre shown in figure ! for s 20-percent
extension on o Clerk Y rirfoil of 5,49-percent cember,
which corresponds to & stonderd Clark Y section of
approrximately 18-percent thickness or to a double
cambered Clerk Y section of thinner rection with =
design 1ift coofficient between 0.5 ond 0.7. These
results were calculerted to investigete the effect of
cember alone,

The results for s U0-percont extension on o
Clerl: Y nirfoil of 5,%0-percent cember ere rreacnted
in figure 5., Thc rnple of the oxtension to maintein
the srume design 1i1ft coefficlent es the besic ~irfoll
18 approximetely the seme for both the 20- ~nd the
40-percent extensions.

Figure 6 shows a comprrison of the ar, and the

ay - a;, curves for the four conditions investigated.
It mey bo observed that the slopes of the a; curves
o

ere rll appraximrtely equel et o value of 0.35° per
degree of the angle of the extension. The recson for
this condition cen be seen from exemination of egqun=
tions (6) end (7) along with figures 7 snd 8., The velue

" of azo 1s defined by ¢y, end from figure 8 it cen

be seen that the treiling edge of the silrfoil is the

dominating factor in determining ¢pe The a7 - oy
o

curves are seen to very more in slope then the %,

curv:- s, Camber of the originsl airfoil section merely
shifts the v~lue of a3° for a glven extension sngle,

CONFIDENTIAL
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The length of the extension has the seme effect as
cermber, The longer the extension the less cember the
extended sirfoll hes fox o glven angle.

CONCLUSIONS

A convenient technicel method hes been presented
to evrluate changes in the sirfoil cherecteristics
resulting Irom en extension of the chord ot the trailing

edge of p propeller blade sectlon, The method determines

the chenge in the engle of zero lift, the iderl engle of
etteck, #nd the difference in these engles (upon which
the desisn lift confTiecient depends) es s function of
the rngls #nd Llength cf the trriling edge extension snd
pernits vhe rdjustrent of the angle of the extension of
the chord to ecrrly witk esny requlrements regrrdlng the
engle of zero 1lifti or the design 1lift coefficicnt,

It wes found thet for the crses considered the
cherecteristics obitrined by this short method were
ectually n purfect rgrocmert wilh drta crpiculeted by
the cxpet methad of thiz zrbitrery airfoil thoory.
This spieemanw 12, of course, not necesserily true
for tii ¢ sections cr exuvreme crzes of curveature nesr
the exiotmitics of the cnord, Oa the other hond, for
normesl ceses the metiicd 1s sufficlently cccurate for
8ll technical purposes. .

Leangley Memorial Aercnsauticel Laboratory
Naticnel Advisory Cormittece for Aeronautica
Langley Field, Va,

CONFIDENTIAL

e e

!

R

e ad i an £ 78 g (OO A S




8 . " CONFIDENTIAL  NACA ACR No. I4I21

APPERDIX
COMPUTATIONS IN DETAIL

Tables T and II contaln the detailed computations
for an I'ACA 16-5XX airfoll section for the original air-
foll and for the wuirfoil extended 20 percent. Tables III
and IV conbain the datalled comnutations for a stendard
6-percont -thick Clark Y alrfell with and without an
extended trulling edzo of 20 percent. Table V gives the
camber ordinstes for WACA 16-series airfoll sectlions
and table VI,the camber crdinates for Clark Y sectlions,

Bach ater In obtaining the results for the
NACA 1€~-5XX zection without tralling-edge sxtension is
explained in cdetull for table I, The ateps that are

differsnt becauso ths alrfoll is extended are explained
for table II.

Exarpls I - Characteristics of NACA 16-5%X Alrfoil

The numters in narentheses refer to column nunmbers
in t=tie I,

(1) By use of table V, select values of x to be
used,

(2) Subtract wvaluies of x Zfrom unity.

(3) Multinly (1) by (2).

(44,) Take square root of (3).

(5) Obtain crdinate of mean cenbar line from
tabla V by multinlying values in table V by
the desirn 117t coefficient of 0,5 and convert
to fracticns instead of percent.

(6) Divide (5) by (4).

{7) Divide (6) by (1).

8. Plot (7) agailnst (1) bstween the values of

x = 0,0125 gnd x = 0,95 and extend the
curve to x = 1,0 as shown in figure 7.

CONFIDINTIAL
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9. Intngrate with a planimeter between the limits
x = 0,0125 and x = 1.0.

.10. Calculate Aey from equation (5):

Aey = ——l'a_ ‘-yl +2 (oxy - n)]
e le J
when
x3 = 0.0125
¥ < 0.90268
e = 0.62234 x 0.5 = 0,31117
then

dey = __.M_B_(o .00268 + 0.00081)

0.0199

11, Calculate €y from eguation (2) and the results
of steps 9 and 10

1
_lf de-AEN
o x

0.0125

8 .
- ~9.¥:§2 - 0.0199

b
or

CN-—

-0.0789

12, Since the NACA 16-5%X airfoil has a symmetrical
camber line,

ey = -€p

13, From equation (7) calculate angle of zero 11t
[+ 4 N1
‘o

a, “57.5€p
-57.3%(0.0789)
-4.52°

1, From equation (8) calculate the 1deal sngle of
attack ay:s

ey

Egs.é(eT + o)

CO‘“]?’WTIAL
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15. Calculate the difference ay =~ ALt

0 + li.52
= }.,52°

Example II - Characteristics of NACA 16-5XX Alrfoil

with 20-Percent Extonsion

Calculstions ars prasentad for the characteristics
of the NiUA 14-5XX alrfoll with a 20~percent extension
set at an ungle of 7.38° to the 1lino ‘oining the ends
of the moan camber line, This anzls 1a gqual to the
anglc formed oy o strelght line crawn through the ¥
ordinata at 90 prercant of the chorid and the snd of the
mean camber line.

The
in table
(1)
(2)

(3)

(L)
(5)
(6)

7.

numbars in parentheses refor to column numbers

T3,
Selact valuss of xp (abeizsa of airfoll with
extaenced anidltions),

Obtaln velucs of ¥, from teble I (ordinate
of airfoll with exXtenced acdditiocns).

Computa Ay from

- X5
AY = Vap T3

where Y5 1s the ordinate Y at x, = l.2.
T
Convert (4}) to unlt chord by céividing by 1.2.
Convert (1) tc unit chord by dividing by 1.2.

Add a station at x = 0.9875. The y ordinate
1s obtalned by proportion since the extsnsion
1s a straight line,.

When the coordinates of the mean camher lins
are obtalned from the base of a straisght line
Jolning the enda of the mean camter lire of
the extended alrfoil, the example proceeds

in the same manner as example I untll ey 1s
obtalned.

CONFIDINTIAL
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TABLE I,- CALCULATIONS FOR FACA 16-5X% AIRFOIL

L
. (1) (2) (3) (4) (5) (6) (7)
‘ L - % |mom | E =5 P= | o/ ’
* heoloxael yE T e
| (5)/14) (¢)/(1)
0 1.0 {2 0 D) 1
L0125 (9875] .C123| .1109 L0027 0.02k2 {1.936
.05 <5 04751 L2179 00791 L0363 .726
.10 .90 L0500 .3000 01291 L0431 J31
.20 .10 .1600) .4000 0193%] .0l98 .2h9
.30 .70 .2100{ 4583 L0231 .0530 177
, 40 .60 2400) 4399 ,0268| .05l .137
& 50 .50 .2500; .5000 .0275] .0552 .110
.60 L0 2409y 4399 L0268F  .05L7 . 091
.70 .30 .2100] 4533 L0238 .0530 L0786
N .80 «20 .1600] .} 000 ,0199] .0,98 .C62
.90 .10 00001 .3000 .0129) 0431 .oL3
L .95 .05 L0p75] L2179 .0079| .0343 .03C
’ 100 }o 0 0 0

b a3 R “ig - -%5520 ay - a3, = L.52°

NATTIONAL ADVISORY
CONMITLIEE FOR AERONAUTICS
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TABLE III. = CALCULATIC:S FOR CLARK ¥ AIRFOIL #ITH 1,83-~-PERCENT CALBER
CORRESPONDIIG 10 STAJDARD 6-PERCZ.IT [HICKX CLARK Y AIRFCIL

(1) (2) (3) (4) (5) (8) (7 (8)
. 1-x{x(1 =x) [Vl ~x) y F B_ P/x 1—5‘—"
1 - (1)) x (2) V(3) Vx(1 - ] {6)/(1)[(6)/(2)
(5)/(4)
4] 1.00 o] o] Q

-0125| ,9875 0123 «1109 0015 0,0135 1,080 0.014
.05 «95 « 0475 « 2179 0056 .0257 <514 « 027
»10 90 0900 » JO00 « 0096 » 0320 « 520 056
.20 .80 1600 « 4000 .0148 .0370 185 « 046
» 00 My (o} + 2100 « 40835 0174 0580 « 127 054

' 40 .60 « 2400 « 4899 « 0183 » 0374 « 094 . 062
+50 90 « 2500 «5000 .0178 U356 071 « 071
.60 « 40 « 2400 « 4899 .0161 0329 .055 082
«T0 30 2100 4583 . 0132 0288 - 041 . 096
+ 80 20 « 1600 « 4000 « 0096 202540 + 030 +120
+90 «10 » 0900 « SOU0 . 0051 . 0170 .019 .. 170
.95 .05 « 0475 « 2179 . 0026 0119 .013 . 208

. 9875 .0125 « 123 +1109 . QLT U063 006 « 504

1.00 |O 0 0 (o}
€y = —0,0481 = -1.82°
x - 0.0-:?8 a:; o op = M, = 2P

NATIOJAL ADVISORY
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NACA ACR No. ILI21
T4BLE V.- CAMBER-LINE ORDINATES FOR

Ell values measured In varcsnt cherd rrom chord line;
11ft ccefficient, 1.0}

CONFIDERTYAL

THE 16-SERIES AIRFOIL 3ECTIONS

Statien Crdinate Slopo
0 0 0.6223L,
1.25 .5%5 34771
2.5 .930 29155
5 1.580 23432
7.5 2,120 .19993

10 2.587 .17,86

15 3.36l .1380,

20 3,982 .11032

25 L.475 .057L3

30 ,.861 L0673

Lo 5.356 .03227

50 5.516 0

60 5.356 . 03227

70 Y861 06743

8a 3.982 .110%2

90 2.537 17436

95 1.580 23132

100 0 6223,

NATTOWAL 4DVISORY

COMNITER &

CONFIDENTTIAL

OR AZRONAUTICS
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NAOA ACR No. IJJ121 CONFIDENTIAL 17
PABLE VI,~ MEAN-CAMBER AND THICKNESS ORDINATES FOR
WAMILY OF ALTVOTLS 3ASED UPON CLARK Y SECTION
L-All valuas are given 1n percent of wing chord] T
_Station Meun-canhar ordinate Semithiclnesa
0 ] 0
1.25 . 0822 .1504
2.5 1597 «2150
5 .20i0 <2979
7.5 4189 .3513
10 5185 3923 A
15 6812 Ji50l i _
20 .6062 82 »
30 <457 5090 - _
Lo 1.0C00 L872 :
50 9752 Qg6
60 8778 .3910
70 <7223 31
80 5207 .2231
%0 .2785 L1197
95 1435 L0637
100 0 0
L.E, radius: 0.009t>. T.E. radius: 0,005t.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

CONFIDENTIAL
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ABSTRACT: - .

Method 13 presented to evaluate changes in airfoll characteristics resulting from
extension of chord at trailing edge of propeller blade section. Method determines
changes in angle of zero 1Uft, angle of attack, and difference in these angles (upon

which design 11{t coefficient depends) as function of angle and length of trailing

- edge extension. Treatment is based on thin-airfoll theory and 1s concerned only N

with mean camber line of section. Exampies and detalled computations Hllustrate
appiication of method, which 1s applicabie to all propeller sections. Characteristics
obtained were in perfect agreement with data calculated by exact method of arbitrary
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